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Final progress report

“Ultrafast studies of energetic material initiation by shock waves using optical nanogauges: the
first ten nanoseconds”

33987-CH-RIP; DAAH04-95-1-0045
Author: Dana D. Dlott

Statement of the problem and progress to date:

This grant was to fund the purchase of laser equipment to study the dynamics of energetic
materials on a short time scale, with the intent of better understanding the relationships between
dynamical behavior and energetic material sensitivity to shock initiation. Although the laser is a
versatile instrument which can be used in several types of experiments, we decided to concentrate
on the problem of measuring energy transfer rates in high explosives, using a two-dimensional
vibrational spectroscopy technique. We have already used an older laser to study energy transfer
- in liquid nitromethane. However we have become acutely aware of the many drawbacks of this
older laser, primarily in the areas of limited time resolution and poor signal to noise. We decided
to purchase a Ti:sapphire laser system which was optimized for this experiment, the diagnostic
equipment to monitor and verify its performance, and the optical instrumentation needed to
generate the intense tunable mid-IR pulses needed to initiate energy transfer phenomena, and to
monitor the energy transfer process using Raman spectroscopy.

- The contract period began Dec. 1, 1994. At that time, all potential vendors were
contacted, and a request for competitive bid quote (RFQ) was written. Eventually the bids were
received. The lowest cost bid was from CMXR corporation. Dr. Dlott visited CMXR
headquarters to see an operating laser and to talk to their engineers, and he became satisfied that
their laser was going to meet his specifications. Dlott was extremely impressed by CMXR’s
technology and their people. Dlott’s request was out of the ordinary in one respect. The nominal
pulse duration for this type of laser is 100 fs. Dlott wanted a longer pulse duration of 500 fs
because technical calculations convinced him that the narrower optical frequency bandwidth of the
longer pulse was better for these experiments. CMXR engineers have invented a very nice system
for tuning the pulse width out to larger values which seemed much better than schemes available
from other vendors. The order was placed with CMXR.

After seemingly endless months of paper pushing, including a vote by the Board of
Trustees of the University of Illinois, the order was placed, and the laser was delivered in June,
1995. During this time, the laboratory was prepared for the laser, and the diagnostic equipment
and other components for the experiment were ordered. A postdoctoral associate, Dr. John
Deak, who had a lot of familiarity with this type of equipment, was hired.

The biggest technical problem was determining how best to generate the high power
tunable mid-IR pulses needed for the measurements. There was nothing available at that time
which would fill our need. Dlott and Deak together did a number of calculations and evaluations,




and came up with a novel approach, which involves mixing the output of the laser with a longer
optical pulse from a solid-state Nd:YAG laser, to produce mid-IR in a new material, KTA.

At the present time, we have the laser all set up and operating within specifications. We
have built the entire experimental set up and the solid-state YAG laser is also operating well. We
have succeeded in generating modest power mid-IR pulses using our scheme, but we still about a
factor of ten below our target, which is to generate 50 pJ pulses at 3,000 cm’, resonant with the
C-H stretching vibration of nitromethane. I think our progress is quite good, and we hope to be
taking data in a couple of months.
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Photograph of femtosecond laser system installed in Dlott lab at University of Iilinois




